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ABSTRACT 


This study discusses the determination of the production quality of the Waste Power Plant (WPP). The purpose 
of this research is to calculate and predict a rough estimate of bio gas production, potential gas emissions and 
potential estimates of electrical energy generated from determining the quality of landfill gas production. The 
model is determined as WPP with input of waste volume, gas parameters, weather and the resulting output is 
quality gas production and electrical energy potential. The parameters used are volume of waste; stockpiling 
area; gas concentration: CH4; CO2; O2; H2S; and weather. With a constant average condition of waste methane 
decomposes 64% fast, 14% decomposes slowly, and 22% slowly decomposes. Furthermore, Fuzzy Analytical 
Hierarchy Process (FAHP) is used to establish the priority weights of the LFG criterion in decision support 
systems and fuzzy logic is implemented to determine the value of LFG production quality. The research object 
was carried out at the Jatibarang WPP, Semarang, Indonesia. The results showed that the FAHP can provide 
an output value of gas quality with an accuracy rate of 79%, with the sanitary landfill model producing a 
maximum potential of 2.6 MW of electrical energy. Meanwhile, gas emissions released into the air in 2021 
are 24,780 tons/year of CH4 and 1,425 tons/year of CO2, while the factors that most influence the quality of 
LFG gas are: methane gas content, carbon dioxide and weather conditions. 
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1. INTRODUCTION However, because of the high waste output level, the 


national waste reduction level is low. Under the 


The increase in population is directly proportional 
to the increase in population consumption, the 
quantity of waste created will continue to rise yearly, 
as will the need for electrical energy consumption. 
This of course raises several problems, including 
increasing waste production, extensive land 
management, waste management transportation and 
the environmental impact of the pollutants produced. 
[1]-[4]. Waste that is not correctly handled pollutes 
the environment. One solution to this problem is to 
make waste be processed into alternative energy using 
a Waste Power Plant (WPP). In this study, the results 
of gas output and the quality of LFG gas production 
will be known [5]-[13]. 


Following the Government's New and Renewable 
Energy Program, which has a target of 23% by 2025, 
waste-based power plants (WPP) are targeted to be 
built and developed in 9 provinces spread throughout 
Indonesia [5], [14]-[17]. Efforts have been made to 
reduce waste from sources or at intermediary 
facilities, such as Temporary Disposal Sites (TDS), 
TDS 3R (Reduce, Reuse, Recycle), and Waste Banks. 


National Waste Policy and Strategy (Jakstranas), The 
government aspires that by 2025, 100% of waste can 
be managed by processing 70% and 30% by reducing 
waste [7]. 


The increase in electrical energy consumption is 
proportional to the interconnection system for 
electricity production. To meet population growth 
which is directly proportional to electricity demand, 
an estimation system is needed [18]-[22]. The 
estimation model is determined based on the indicator 
parameters of population growth and electricity 
demand using a neural network forecasting database. 


The selection of waste management methods or 
technology is influenced by the quality and amount of 
waste, the availability of land, fiscal capacity, and the 
existing waste business ecosystem, as well as the 
advantages and disadvantages of each technology 
[23], [24]. One of the potential renewable energy 
sources to be developed is biomass, biogas, and 
municipal solid waste. Landfills contain organic waste 
that can emit LFG (Landfill Gas). LFG has the highest 
percentages of methane and carbon dioxide, both of 
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which are greenhouse gases. Furthermore, methane 
gas in the landfill might result in flames and even 
explosions. The principle in the design of gas 
utilization is the quality of gas following the needs of 
the use and capacity of the system planning, where the 
design capacity of the system is calculated based on 
the projected gas that can be produced, the level of gas 
production, and the estimated percentage. Usable gas 
[23], [25], [26]. Generators with intermittent supply 
will reduce engine efficiency and result in engine 
damage. To determine the amount of LFG recoverable 
for burning or use in LFG energy conversion projects, 
multiply the model's expected LFG generation by the 
percent collection efficiency [16]-[18]. 


Several studies on the quality of LFG to optimize 
the determination of waste power plant (WPP) 
production include: research using the Land GEM 
software simulation method has been carried out by 
[27]-[29] with input parameters of waste income per 
year and professional epsilon to see the output power 
as well as increase in efficiency and power system to 
get mass flow with operating time creating real 
conditions. Several types of primary and supporting 
criteria, some tangible and others intangible, are 
included in the multi-criteria decision-making 
problem (MCDM). These criteria can be represented 
by a hierarchical structure that demonstrates their 
connection. One MCDM method that utilises this 
structure is the analysis of process hierarchy analysis 
(AHP) for sustainable energy management with waste 
from research results and monitoring the problem 
criteria in choosing the appropriate method [11]. 
According to research using multi-criteria decision 
making (MCDM) for energy management and 
resource efficiency of wastewater treatment, biogas is 
the ideal gas fuel, natural gas is second, liquefied 
natural gas is third, compressed natural gas is fourth, 
and gas is fuel and fifth on the list in the waste power 
plant [30]-[35]. This research study only focuses on 
one of the potential parameters of a waste power plant, 
but no one has discussed landfill gas quality. This 
study focuses on the problem of determining the 
quality of gas emissions produced by Landfill Gas 
Emissions using Fuzzy-AHP, where the quality of 
landfill gas production is influenced by the levels of 
methane, carbon dioxide, oxygen and sulfur dioxide, 
which are influenced by weather conditions. 


2. THE PROPOSED METHOD 


WPP is a waste or methane gas-fueled thermal 
power plant that uses supercritical steam. The sanitary 
landfill method utilities gas acquired from trash, 
namely gas produced from waste power plants. The 
Sanitary Landfill approach involves placing garbage 
into a hole, leveling and compacting it, and then 
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covering it with loose dirt to form layers. The next 
step is to install a conduit to release the LFG so that it 
may be utilized as fuel to use the gas that has been 
created. 


A waste power plant is an electrical energy 
generator that uses waste as its main fuel. The 
principle of generating WPP is carried out in 2 ways, 
namely the Incineration process, namely by burning 
waste and Gasification, namely by collecting gas 
which is then converted into electrical energy. 
Incinerator technology is a method of processing 
waste by burning waste at high temperatures. The high 
temperature combustion system is also known as heat 
treatment. In the process of burning waste, the fuel 
used must be of good quality [14]. Incineration 
method as shown in Figure 1. 


Figure 1: Incineration Method [4] 


Incineration is a type of thermal waste treatment 
that may be considered a controlled combustion 
process. The most common WTE process is 
incineration, which converts the heat generated by 
burning into electric power. The waste's organic 
content is burnt, generating heat, while the inorganic 
content contributes to ash production. Incineration 
produces ash, heat, and combustion gases as by- 
products [4]. The following are the benefits of this 
technique: it results in an almost full elimination of 
harmful organic matter when tight monitoring 
measures are stressed, the treatment technology is low 
when correctly handled, it eliminates liquids, creates 
solid waste, and is easy to transport. Some major 
disadvantages of incineration are its relatively high 
cost, the possible release of radioactive material into 
the environment, and finally, the direct re-release of 
carbon dioxide into the atmosphere [7]. 


Gasification is a thermochemical process that 
includes heating plastic waste at 700-1100 °C with 
regulated proportions of oxygen, air, oxygen-enriched 
air, and steam to create "synthesis gas" or syngas. 
Syngas is a gas combination mostly composed of 
hydrogen (H2) and carbon monoxide (CO), with lesser 
percentages of other gases such as carbon dioxide 
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(COz) and hydrocarbons such as methane (CHa)[17]- 
[18]. A gasification plant typically includes a 
gasification reaction process, syngas catalytic 
conversion, gas separation and purification, and gas 
separation and purification. CO, CO2, H2, and CHg are 
the primary by-products of gasification. Feedstock 
qualities, catalyst type, gasifier type, and operating 
circumstances affect the yield and gas composition. 
Example: temperature, pressure, and residence time. 
Gasification Method as shown in Figure 2. 


GAS COOLING SYNGAS CLEANUP PROOUCT OPTIONS 
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Figure 2: Gasification Method [17] 


This research has several steps, as shown in Figure 
3 the steps that must be taken: 
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Figure 3: Research System Model 


FUZZY 
AHP 


LANDFILL AGE 


WEATHER 


Figure 3 shows that the potential for electrical 
energy production at a waste power plant is obtained 
through predictions using moving averages, where 
data is obtained from historical data from the previous 
year. Then after the waste data is obtained, it can be 
calculated the potential for gas emissions and the 
potential for LFG to produce electrical energy. After 
getting the output of electrical energy conversion, then 
optimization will be carried out using the fuzzy AHP 
method which will get maximum results for the 
optimum month output to optimize the output of 
electrical energy from the waste power plant. 


2.1. LFG Potential 

Research has shown that the potential for methane 
gas contained in LFG is available in large quantities, 
which is around 50%. The US Environmental 
Protection Agency (EPA) calculation model is used to 
calculate the potential LFG generated in a sanitary 
landfill. According to research [8], the formula used 
to de-normalize data is shown in Eq. (1). 


Qt = 2Lo Mo (et — 1)eXt (1) 
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where: Qf is the amount of gas produced (m3 /year), 
Lo is the potential of methane produced (m°/year), Mo 
is a solid amount received (ton/year), & is the average 
methane constant (years), and ¢ is landfill age, (year). 


The efficiency of the operating gas collection and 
control system based on the condition information 
when performing calculations for the collection of 
LFG gas generated by the effluent is shown in Eq. (2). 


Production gas (m*/year) = 
75% .the amount of gas produced 


(2) 


According to the EPA, the quantity of methane gas 
used from the landfill is around 50%, as shown in the 


Eq. (3). 
Methane gas (m?/year) = 50% .gas recovery (3) 


To calculate the amount of electricity generated, is 
shown in the Eq. (4). 


x: Methane . 9.39 kWh. Engine Efficiency (4) 


The heat potential is utilized to convert methane gas 
into electrical energy, where 1 kg of methane gas 
equals 6.13 x 107 Jand 1 kWh of electricity equals 3.6 
x 106 J, or 1 m3 of methane gas equals 9.39 kWh of 
electricity produced, as shown in Table 1. 


Table 1: Methane Conversion 


Energy Conversion 


1 Kg Gas Methane 6.13 x 107J 


1 kWh 3.6 x 10°J 
1 m’ gas Methane 9.39 kWh 


2.2. Moving Average (MA) 


This method takes a group of observed values 
from the Jatibarang WPP data and then looks for the 
average value. Then after that, the average will be 
used for the next period. Table 2 shows the results of 
moving average prediction calculations. The input 
used is data from 2011 to 2020 which produces 
predictive output for the next 10 years, namely 2021 
to 2030, shown in Table 2. 


Table 2: Moving Average Forecasting Results in 2021- 


2030 
Years Quality Quality 
(ton/day) (ton/years) 
2021 
2022 
2023 1,089 397,587 
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2024 1,105 403,325 
2025 1,119 408,508 
1,131 412,706 


2026 


2027 1,139 415,845 


2028 1,145 417,743 
2029 


1,146 418,254 


2030 1,143 417,195 


2.3. Gas Emissions Calculation 

The calculation of gas emissions calculation 
(GHG) from biological waste management is shown 
in Eq. (5) and (6). 


CH, emissions = X((((Mi.EF)'°)—R).GWP) (5) 
CO, emissions = 2((((Mi.EF)?°°)—R).GWP) (6) 
where Mi is Gas mass (Gg/years); EF is gas emission 
factors (g); EF CH4 1s value CH44 g CHa/kg; EF CO 
is value CO 0.90 g CO2/kg; R is amount of gas 
recovery; and GWP is Global Warming Potential. 


2.4. Fuzzy AHP (Analytical Hierarchy Process) 

The conventional AHP analytical technique 
combines the AHP and Fuzzy concept approaches, 
where fuzzy AHP outperforms standard AHP in 
describing ambiguous decisions [35]. 


The steps for Fuzzy AHP are: creating a 
hierarchical structure. Determining the pairwise 
interest comparison matrix between criteria with the 
Fuzzy Triangular Number scale; To determine the 
value of the fuzzy synthesis (Si) to obtain the relative 
weights for the decision-making elements shown in 


Eq. (7). 
er m ~ J n n 7 J =1 
Si= pen Mi | 4 nM? | (7) 


where Si is fuzzy synthesis; )ij=4 M i is an operation 


for adding fuzzy extent analysis V values for a 
partial matrix using the addition operation for each 
triangular fuzzy number in each row. Eq. (8) 
calculates the degree of membership by comparing 
fuzzy synthesis values to generate a vector. 


1 if m2 > m1 
0 if 11 > u2 
V(M2=M1) = ee pe | (8) 
——_——++1— other. 
(m2-u2)-—(m1-11) 


The normalization of the vector weight or the priority 
value of the criteria that has been obtained is used Eq. 


(9). 
W’ = (d’(A,), (d’/(Az), ... (d’(An))T (9) 


where A; (i= 1, 2, ... n) isn the elements; and d '(Aj) 
is a value that describes the relative choice of each 
decision attribute. 
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The vector acquired after normalizing the vector 
weights is no longer a fuzzy number. Thus, the next 
option is to rank the vector weights, with the total 
ranking created by multiplying the evaluation vector 
of each beneficiary with the priority vector. Making 
judgments based on the best overall ranking. 


2.5. Research Flow 


The LFG production mitigation flowchart and 
research procedure algorithm will explain the steps for 
calculating LFG gas quality is shown in Figure 4. 


( Determine the research model / 


Input garbage history 2010 - 2021 


Calculate the potential amount of gas and 
biogas recovery 


v 


Calculate the Biogas Recovery potential 


Calculate the potential for LFG 


Fuzzy AHP Quality of LFG 


Figure 4: Flowchart of LFG Production Determination. 


Figure 4 shows that to determine the quality of 
LFG, it is necessary to input some data concerning 5 
parameters, namely: methane gas CH4 % mmol; 
carbon dioxide gas CO2 % mmol; oxygen gas O2 % 
mmol; hydro dioxide sulfur H2S % mmol, and 
weather. The selection of these 5 parameters was 
based on information and data obtained from the 
Environmental Office of Semarang and PT. BPS JATI 
BARANG who manages and operates WPP 
Jatibarang. The system processed the data using fuzzy 
Mamdani and fuzzy AHP to determine the quality of 
WPP is shown in Figure 5. 
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| 9 | 6,390,839 3,195,419 


10 6,374,665 3,187,332 

Table 3 is the result of calculating the potential for 
gas to be generated for the next 10 years. By knowing 
the above results are in accordance with the 
calculation of the data that has been obtained, it can 
be analyzed that in the second to eight years it has 
increased every year. 


Referring to Table 3 and Eq. (3) and (4), the 
results of the potential for electrical energy will be 
obtained as shown in Table 4. 


Create A Hirarchy Structure 


Create A Hirarchy Structure 


Determine The Value Of Fuzzy Synthesis (Si) 


itt 


Normalization Of Vector Weights / Priority 


Values Of AHP Criteria 1 23,203,158 2,648.76 ; 
24,153,405 2,757.24 
24,568,714 2,804.65 2.8 


Calculate The Degree Of AHP Membership Table 4: Energy Potential Result 
Energy Power Mega Watt 
No | (Kwh/year) (Kwh/hour) (MW) 


24,941,138 2,847.16 


ae EE 
Cs | 8 | 25,832,699 2,948.94 
Figure 5: Flowchart of LFG Production Determination 25,798,842 2,945.07 


The flowchart of the AHP fuzzy design for LFG 
determination is shown in Fig. 5. The steps for Fuzzy Table 4 is the result of calculating the potential 
AHP's work in identifying the quality of gas output conversion of gas to electrical energy generated for 
are as follows: Make a hierarchical problem _ the next 10 years. By knowing the above results are in 
structure; Using the Fuzzy Triangular Number scale, accordance with the calculation of the data that has 
create a pairwise interest comparison matrix — been obtained, it can be analyzed that in the second to 
between criteria. To acquire relative weights, eight years it has increased every year. Furthermore, 
calculate the fuzzy synthesis value (Si). The degree the determination of the quality of LFG gas will be 
of membership is calculated by comparing fuzzy determined using the Fuzzy AHP method. 
synthesis (Sj) results. 


3.1. Potensial Gas Emissions 

3. RESULTS AND DISCUSSION Refers to Eq. (5), (6) and Table 2. Greenhouse gas 
Referring to the research model in Figure 1 andthe emissions obtained are presented in Table 5. 

data on landfills in Table 2. The potential results are 

obtained: Table 5: Potential Gas Emissions 


Gas Emissions 
Table 3: Calculation of Gas Potential and Electrical Energy No 
Recoverable Amount of Methane 74 aoe 1 sag 
Biogas Gas Collected 3 a 733.80 a0 07 
(m2/years) (m2/years) — — 


RES CE 2,866,647 31,754.77 1,814.56 
oee 2,984,046 33,111.17 1,892.07 


6,070,711 3,035,356 5 34,503.71 1,971.64 


6,162,734 3,081,367 
6.241.929 3,081,367 35,933.80 2,053.36 
6,306,066 3,153,033 37,401.78 2,137.24 


6,354,029 3,177,015 31,236.91 1,784.97 
6,383,031 3,191,515 za 
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hoes | 23,103.41 1,320.19 
27,170.16 1,552.58 


Table 5 is the result of the calculation of potential 
greenhouse gas emissions, which is deduced annually. 
The emission reduction in the first year is very large 
with the resulting emissions. for CH4 which has a 
content of 40-60% in LFG, the remaining in the first 
year is only 24,780 tons/year, and for CO2 which has 
a 40% content in LFG 1,425 tons/year. 


3.2. Membership Function 

The membership function is a curve that depicts 
the transformation of data input points into 
membership degrees with intervals ranging from 0 to 
1. The Gaussian trapezoid function is used to 
determine the quality of the biogas. Table 6 shows the 
field data used to establish the set of membership 
functions for each gas. 


Table 6: Percentage of Substance Content 


Chemical Content 


3.2.1 Membership Function of Methane 

The variable CH, which consists of 3 fuzzy sets, 
namely LOW, MEDIUM, and HIGH. The degree of 
membership of methane is shown in Table 7. The 
membership set of methane gas which consists of 
three classifications: 


Table 7: Membership Function of Methane 


Parameter 


KiowL*] = 


Umediuml*] = 


MEDIUM 


LrignlX] = 


MEDIUM 
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3.2.2 Membership Function of Carbon Dioxide 

The variable CO which consists of 3 fuzzy 
sets, namely LOW, MEDIUM, and HIGH. The 
degree of membership of carbon dioxide is shown 
in Table 8. The membership set of carbon dioxide 
gas which consists of three classifications: 


Table 8: Membership Function of Carbon Dioxide 


Parameter 


Liowl¢] = 


medium] = 


3.2.3 Membership Function of Oxygen 


The variable O2 which consists of 2 fuzzy sets, 
namely LOW and HIGH. The degree of membership 
of oxygen is shown in Table 9. The membership set of 
oxygen gas which consists of two classifications: 


Table 9: Membership Function of Oxygen 


Parameter 


032x505 


x2>0,5 


KiowL*] = 


Lrigal*] = 


3.2.4 Membership Function of Hydrogen Sulfide 


The variable H2S which consists of 2 fuzzy sets, 
namely LOW and HIGH. The degree of membership 
of hydrogen sulfide is shown in Table 10. The 
membership set of hydrogen sulfide gas which 
consists of two classifications: 
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Table 10: Membership Function of Hidroden Sulphide 


Parameter 


3.2.5 Membership Function of Weather 

The variable weather which consists of 3 fuzzy 
sets, namely BRIGHT, CLOUDY and RAIN. The 
degree of membership of weather is shown in Table 
11. The membership set of weather gas which consists 
of three classifications: 


Table 11: Membership Function of Weather 


Weather 


29-x 
BRIGHT 


Usricurl*] = 3 
0 
CLOUDY 


3.3. Rules Base 

In order to obtain accuracy, several basic rules 
were obtained to be used in assessing and evaluating 
the quality of LFG. The rules obtained were based on 
5 parameters, so 108 rules combinations were 
obtained shown in Table 12. 


Table 12: Membership Function of Weather 
Parameter 


a_|_tow [tow | Low_| HIGH _ 
5 | tow [tow | Low [HIGH 
Pee fe ee 


08 | HIGH [HIGH | HIGH | HIGH | 


= [Re UE Jeo 


2. = 
wri iia 
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"a [RAN [ON] LOSS 
2 [eLoupy| DN | _Loss 
DN | _LOsS 
4 [ RAIN [ON | LOSS 
5 [CLOUDY] DN | LOSS 
roa | RAIN | _N SING 


3.4. Implication Function 

After rules were formed, the implication function 
application was carried out. The sample cases taken in 
the measurement had the following parameters: CHa: 
53.5 % mmol; CO2: 39.3 % mmol; O2: 0.4 % mmol; 
H>S: 0.4 % mmol; Weather: 37°C. Based on Table 5. 
From the case data, the predicate rules for parameter 
assessment include Table 13. 


Table 13: Membership Function of Weather 


Membership 
Measure Hi 
ment 


Resuls 


Table 14: Parameter of Assessment 


N Min 
No aie Rules Value A- 
Predicate 
IF CH4 (HIGH) AND 
CO2 (HIGH) AND 02 
1 | R99 | (LOW) and H2S (LOW) 0.33 
and Weather (HIGH) 
Then NORMAL 


IF CH4 (HIGH) AND 
CO2 (MEDIUM) AND 
O2 (LOW) and H2S 
(LOW) And Weather 
(HIGH) Then NORMAL 
IF CH4 (MEDIUM) AND 
CO2 (HIGH) AND O02 
(LOW) and H2S (LOW) 
And Weather (HIGH) 


Then Below Normal 


IF CH4 (MEDIUM) AND 
CO2 (MEDIUM) AND 
O2 (LOW) and H2S 
(LOW) And Weather 
(HIGH) Then NORMAL 
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3.5. Rules Composition 


The overall conclusion of the rules composition is 
obtained by taking the maximum membership level 
from each subsequent application of the implication 
function and merging all of the conclusions of each 
tule. As a result, the Fuzzy solution area was obtained 
as follows: 


Usp(x) = max {0.33} 


The intersection point of rules was when p LFG 
Quality = 0.33, then the x value can be determined as: 
X = 40 + 20. (0.33) = 46.6; Therefore, membership 
function of the solution area was obtained, as shown 
in the following: 


u Quality LFG = { 0.33; 46.6 < X < 60} 
3.6. Defuzzification 

Defuzzification or affirmation is conversion of 
fuzzy sets into real numbers. The input of the 
affirmation process is fuzzy set, whereas the resulting 
output is a number in the domain of fuzzy set. In this 
research, the method used in the defuzzification 
process was the centroid method (composite 
moment). In this method, the researcher assumed that 
the existing variables were discrete numbers. For 
example, for the LFG value obtained in the rule 
composition process, then Z* was optimal, generally 
formulated as the following: 


Z fre .(0,33)xdx 


60 
Sag 6(0.33)ax 


GS ae 


ne 
O33a].. 


= 50.7 


The LFG quality vulnerability value of 50.7 was 
categorized as normal and synchronous to State 
Electricity Company (PLN). 


3.7. Mean Absolute Percentage Error 

From the results of the application of the Mamdani 
fuzzy in the MATLAB program, the comparison 
between the Mamdani fuzzy and the gas production of 
Jatibarang WPP was obtained. Then by using the 
Mean Absolute Percentage Error (MAPE), the 
average error can be calculated by comparing the 
measurement results from the PT. BPS Jatibarang 
with the results of calculations using the Matlab 
application. Table 15 shows that the result of the Mean 
Absolute Percentage Error Presentation. 


Table 15: MAPE (Mean Absolute Percentage Error) 


LFG 
PT. LFG 
BPS FUZZ 
N nm Y- = 
| Date | y | ¥@) | % ce 
% mes y yy 
mmo 
Bd er 


0.07804 


Sa 

3 TEE 0. a 
20 

fee aso 

5 IT 21.60% 
20 


21 pees) 


Table 15 presents the percentage error is ca 
which means that it is in accordance with the MAPE 
percentage value classification including accurate 
values, with an accuracy rate of 79%. 


3.8. Fuzzy AHP (F-AHP) Analysis 
The steps in determining LFG quality using the 
AHP fuzzy method are as the following: 


3.8.1 Hierarchy Structute 
The hierarchical structure of LFG quality selection 
problem is presented in the following Figure 6. 


Quality of LFG 


WEATHER 


Figure 5: Hierarchical Structure of Quality LFG 


Where Goal: Determining the best month of quality 
landfill; Criteria: CH4; COz and Weather; and Sub- 
criteria: H = High; M = Medium; L = Low. 


3.8.2 Determination of Synthesis Value 

The decision support system will provide a 
variable and a range of values for each criterion. then 
represented using a fuzzy triangle, which is then 
compared in pairs with the input parameters can be 
seen in Table 16. 
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Table 16: Paired Matrix Comparison 


ean WEATHER 


Weather| 017035] 1| 1 [a5] 1 05 [035] 1 [1,67] 1.16] 
famount| { [TT TTT ds 


The value of Table 16 is obtained from the 
comparison between | element of the CH4 parameter 
criteria: CO2 and Weather. After the calculation, the 
value of the number of rows and columns is obtained, 
then we will look for the fuzzy synthesis value of each 
criterion (Ski) where I= 1, 2, ....., ..., according to Eq. 
(7). 

SCH, = (8.5.4.5.5.5).(1/11.1/13.1/17) 


= (0.318 . 0.346 .0.196) 
SCO, = (4.5.7) .(1/11.1/13.1/17) 
= (0.364 .0.385 .0.250) 
SwEATHER = (3.5 .3.5.4.5) .(1/11.1/13.1/17) 


= (0.318 .0.269 . 0.161) 
Then, the results were input into the calculation of 
fuzzy synthesis (Sj) criteria shown in Table 17. 


Table 17: Conclusion of Calculation Fuzzy Synthesis Value 
(Si) Criteria 
Synthesis (Si) 


SC 
[Griteria [High | Medium [Low 


CH, 0.201 0.656 


0.684 
CO, 0.077 0.246 1.318 


3.8.3 Determination of Vector Value (V) and 
Defuzzification Ordinate Value (d’) 

To get the vector value and the ordinary value, Eq. (8). 

is used 


Criteria 1 (CHa), vector value: 0.639 
Criteria 2 (CO2), vector value: 3.634 
Criteria 3 (WEATHER), vector value: 0.773 


Based on the ordinate values of CH4, CQOn,, 
WEATHER, the value of vector weight could be 
determined as 


W’ = (0.339, 0.472, 0.189) 


3.8.4 Normalization Vector Weight Value (W) 

Norrmalization of the vector weight value is 
obtained by Eq. (9). where each weight vector element 
is divided by the number of weight vector itself. 


2. = 
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Wrocat = 0-339, 0.472, 0.189 


amount Whocai= | 
So that the criteria (local) weights obtained are 0.127, 
0.720, 0.153. Sub-criteria and alternative FAHP 
calculation completion is the same as the criteria. 


3.8.5 Determination of Vector Value (V) and 
Defuzzification Ordinate Value (d’) 

The assessments were classified as High, Medium, 
and Low for each criterion. Table 18 shows the 
monthly value data along with the assessment based 
on the given criteria which are then determined for the 
weighted value of each month with the assessment 
that has been given. 


Table 18 it can be concluded that using the criteria 
of CH4, CO2, and weather as inputs and the input 
classifications consisted of 3 parameters, namely 
high, medium, and low. Then, the paired matrix 
comparison with the FAHP criterion was determined 
so that the synthesis value of each criterion was 
obtained. From the value of fuzzy synthesis, the 
values of vector and ordinate defuzzification were 
obtained to determine the value of vector weight used 
for global ranking and decision making, in which it 
showed that in 2021, February and August had the 
most optimum weight value, namely 0.3457750 
compared to other months. The lowest months were 
February and August, namely 0.2535460. 


Table 18: Global Ranking Conclusions 


2095 


CH, WEATHER Pd Ranks 
January 0,2318] 0,1161 0,0969 0,444 ey 
February 0,2223| 0,6220 0,0969 0,941 1 
March 0,0681| 0,6220 0,0209 0,711 
April 0,0681| 0,6220/  0,0209 0,711 
May 0,2223| 0,1161 0,0969 0,435 
June 0.2318] 0,1161 0,0969 0,444 a 
July 0,0681| 0,6220 0,0209 0.774 
August 0,2318] 0,6220/  0,0209 0,874 
September | 0,0681| 0,6220 0,0209 0,711 3 
October 0,2223| 0,1161 0,0969 0,435 
November | 0,2318] 0,1161 0,0969 | 0,444 | 
December | 0,0681| 0,6220 0,0209 Bid 
Global 
Weight 0,339 | 0,472 0,189 
Alternatif 
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4. CONCLUSION 


Fuzzy AHP can be used to optimize waste 
power plan by improving the quality of LFG, 
resulting in a methane gas concentration output 
reaching 30-60% mmol, producing an energy 
potential of 23,203,158 kWh or 2.6 MW with engine 
efficiency of 82.5% and continuing to increase of 
1.19% per year. 
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